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Normally, sources of entangled pairs generate several species of them. This work proposes a char-
acterization algorithm for relatively general bipartite entangled states, generating several standard
Bell states with controlled population as output.
PACS numbers: 03.67.Bg; 03.67.Ac; 03.65.Ud
I. INTRODUCTION
Quantum entanglement is a fundamental resource for quantum information and quantum communication processes.
Theoretical developments in these fields normally assume well delimited and stable resources as inputs, not susceptible
of distortion or further complexity. That is not always the case, several recent developments in experimental generation
of spin entangled pairs, as [1, 2] in quantum dots and electron gases, or as [3, 4] in solid state spin ensembles, shows
that normally, several species of entangled pairs are produced at the time. This resources should be characterized
because they are useful for quantum computer implementations [5].
In addition, not only the user does not know which the produced state is, normally some kind of distortion is
introduced before he has access to it. Heisenberg interactions between qubits can produce distortion on entangled
pairs generated for engineering purposes (e. g. Quantum Computation or Quantum Cryptography). The presence of
parasite magnetic fields modifies the expected properties and behavior for which the pair was intended. In this sense,
different kinds of quantum entangled pairs driven by a Heisenberg Hamiltonian with an additional inhomogeneous
magnetic field become distorted. For these reasons, characterization of emission source should be carried out and
control processes are necessary before and after of it, in order to have an useful emission as input for further quantum
processes.
II. DESCRIPTION OF STATES GENERATED BY AN EMISSION SOURCE OF ENTANGLED PAIRS
The present problem is stated as following: a quantum system generates several kinds of entangled states with
different probabilities, as a superposition of them. After of their creation, by some time t before to be used, the
presence of parasite magnetic fields distorts the pair driven by the Hamiltonian: H = −J~σ1 · ~σ2 +B1σ1z +B2σ2z . In
our discussion, we will use the generic superpostion of entangled states obtained from:
|ψ1〉 = 1√
2
(|φ1〉 |φ2〉+ |η1〉 |η2〉) = |β00〉 , |ψ2(θ)〉 = 1√
2
(|ϕ1〉 |ϕ2〉 − |µ1〉 |µ2〉) = sin θ |β01〉 − cos θ |β10〉 (1)
generated by the orthogonal states (with i = 1, 2):
|φi〉 = cos θ
2
|0i〉+ sin θ
2
|1i〉 , |ηi〉 = sin θ
2
|0i〉 − cos θ
2
|1i〉 (2)
|ϕi〉 = sin θ
2
|0i〉+ cos θ
2
|1i〉 , |µi〉 = cos θ
2
|0i〉 − sin θ
2
|1i〉
The following state gives an almost general superposition constructed with last orthogonal entangled bipartite
states:
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2|ψ〉 = α1 |ψ1〉+ α2
2∑
i=1
pi |ψ2(θi)〉 ; |α1|2 + |α2|2 = p21 + p22 = 1; p1, p2 ∈ R, θ1 + θ2 = π/2 (3)
Recently, some control processes are been developed for single qubits and entangled pairs [6, 7] using traditional
quantum gates and additional magnetic fields. These control mechanisms are precise, being limited only for the exact
knowledge of the interaction strength between the pair of particles, or the inhomogeneity degree of the magnetic field
which generates the distortion. Under these conditions, corrected pairs could have a remaining distortion of their
expected form, but very close to it. For the state (1), this control process gives:
|ψ1〉 = (1 + ie2ipinδ sin 2πnδ) |β00〉 − ie2ipinδ sin 2πnδ |β10〉 , (4)
|ψ2(θ)〉 = sin θ |β01〉 − e2ipinδ cos 2πnδ cos θ |β10〉+ ie2ipinδ sin 2πnδ cos θ |β00〉
where δ = j −Q(j), being Q(j) a rational approximation of j = J/(B2
−
+ 4J2)1/2, B− = B1 −B2 in agreement with
[7]. Note that this possible remaining distortion can be generated by limited knowledge of j or B− (in this case
δ ≈ −B2
−
/4J2), but otherwise can be deliberately generated to have control parameters in further processes which
will use the state.
III. CHARACTERIZATION ALGORITHM, OUTPUT STATES AND POPULATIONS
The use of non-local measurements [8] lets to detect the Bell states involved, by means of quantum circuit in
Figure 1, where the measurements are made in the computational basis. In the following, we will use α1 = cos γ and
α2 = sin γ (more extended expressions for complex α1 and α2 could be considered with similar results).
The post-measurement state and its probability (refered as population) are shown in Table 1, where C =∑2
i=1 pi cos θi and S =
∑2
i=1 pi sin θi. An interesting aspect is that although the post-measurement states does
not depend on the control parameter, nδ (which is useful, because we want well known and standard states as out-
put), the populations of output species depend on it. It suggest that experimental determination of f00, f01, f10 and
f11 lets obtain some emission parameters, as γ, C and S (note that C
2 + S2 = 1), or alternatively to know the value
of nδ when control fails to be faithful.
TABLE I: Summary of the application of characterization process to the input state |ψ〉.
Measurement outcome: |i3j4〉 |ψ
′〉 Probability
|0304〉 |β00〉 f00 ≡ cos
2 γ cos2 2pinδ + C2 sin2 γ sin2 2pinδ
|0314〉 |β01〉 f01 ≡ S
2 sin2 γ
|1304〉 — f10 ≡ 0
|1314〉 |β10〉 f11 ≡ C
2 sin2 γ cos2 2pinδ + cos2 γ sin2 2pinδ
Otherwise, if nδ is deliberately constructed, it lets to control the relative population for two of the three resulting
species by noting that if S fulfills:
S2 =
1− f00 − f11
sin2 γ
⇒ sin2 2πnδ = cos
2 γ − f00
cos 2γ + 1− f00 − f11 (5)
there are ample posibilities to control the populations despite last restrictions for f00, f11 and γ. Figure 2 shows the
region for these parameters in which the control it is possible. By example, taking the γ parameter which characterize
the emission source, there are a two-dimensional slice region to select f00 and f11 inside which last restrictions are
fulfilled to give a physical nδ to obtain the desired populations.
IV. CONCLUSIONS
Accute control of quantum entanglement sources are actually required by controlling their output resources pre-
venting them from decoherence and giving adequate properties under design to use them for quantum engineering
3purposes. The actual characterization process of spin entangled pairs sources combined with previous control to pre-
vent distortion generated by magnetic fields lets manipulate the relative rates of specific Bell states species originally
generated for that source. In addition, the knowledge of some parameters, which characterize it, can be obtained
with the quantum algorithm presented here by measuring natural relative populations. This process requires only
to know basic properties of the source as particles’ nature and average distances involved. Nevertheless, the process
presented is limitated to control only two species of the three species available, so improvements should let manipulate
all species involved and include other ones.
FIGURE CAPTIONS
Figure 1
Quantum circuit for characterization process.
Figure 2
Control region in which it is possible select the population of species f00 and f11 as function of γ parameter. The
plane shows the case for γ = π/4; inside of two dimensional cut slice it is possible to select desired values for those
populations with the correct selection of nδ parameter in agreement with (5). This control process have more freedom
when γ = π/2, but f01 = 0.
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